H3K4me3. All correlations in this heatmap are high (>0.9) and significant at p < 0.05.
Supplementary Tables
Supplementary Table S1 . The whole genome with mapped DSBs was scanned with a 43-kb window and 1-kb steps. The data on DSBs density for the 43-kb window in the 43-kb rDNA unit, in the whole sequenced genome, and in individual chromosomes are shown. Even assuming that about 300 copies of rDNA are present per genome (Stults et al., 2009) , the average DSBs density per single rDNA unit is significantly higher than the average DSBs density for the 43-kb window in any chromosome (1234439/300 = 4114). reveal more information than simple correlation values in the case of partial success tests. In the case of the DNAseI-HSS track, the projection test failed, whereas the Jaccard and scaled absolute minimum distances tests were passed, which means that DSBs and DNAseI-HSS do not overlap more than by chance (which we can also see from a visual analysis in Figure 3A ), but in the cases in which they are close to each other (at the IGS in Figure 3A ), they are closer than by chance. The first two rows present the sequences from pericentromeric regions in chr16 that correspond to the most prominent peaks in Figure S6 . The third row presents the sequence at the most frequent contact of rDNA units in the human genome, which is located in the pericentromeric region of the Y chromosome, and corresponds to the most prominent peaks in Figure S7 .
Supplementary

Supplementary Methods
Isolation of DNA preparations used for genome-wide mapping of spontaneous DSBs
Preparation of DNA-agarose plugs DNA-agarose plugs were prepared as described by Tchurikov and Ponomarenko, 1992 To test the quality of isolated DNA, fractionation in PFGs was performed as described previously (Tchurikov and Ponomarenko, 1992) . Portions of the original agarose-DNA plugs (5-50 μl) containing 1-10 μg of DNA were used for electrophoresis without any restriction enzyme digestion. The DNA samples were run in 0.8% agarose gels on an LKB Pulsaphor system using a hexagonal electrode and switching times of 25, 100, or 450 sec.
For elution of DNA preparations, fractionation in a 1% agarose conventional mini-gel was performed. One-half of a DNA-agarose plug was washed in 1×TE three times (for 15 min each) followed by washing three times in the same solution containing 17.4 μg/ml PMSF in ethanol. After fractionation in the mini-gel, the ethidium-bromide-stained DNA band was excised and electroeluted inside a cellulose membrane dialysis bag. After overnight dialysis without stirring against 1 L of 0.01×TE at 4 °C, the DNA was concentrated with PEG (4 °C) and re-dialyzed.
Isolation of DNA for PCR amplification
DNA termini at DSBs were isolated as described by Tchurikov et al., 2011 
Library preparation
After purification in 2% agarose gels, DNA was eluted using QIAquick gel extraction kit (Qiagen). The libraries were prepared using TruSeq RNA Sample Preparation Kit v2 (Illumina) using adapter AR004. The samples were sequenced on a Genome Analyzer IIx machine using
TruSeq SR Cluster Kit v2-cBot-GA kit (Illumina).
4C procedure
DNA samples were prepared as described previously (Dekker et al., 2002; Osborne et al., 2004;  http://www.protocol-online.org/cgi-bin/prot/view_cache.cgi?ID=3978) and schematically is illustrated in Figure 5A .
Cross-linking
To a suspension containing about 20×10 6 HEK293T cells in 40 ml of DMEM, formaldehyde solution was added to final concentration 1.5%. After mixing, incubation of cell suspension was performed for 10 min at room temperature with mixing. Quenching with 2.75 ml of 2 M glycine (final concentration 0.125 M) was performed. After incubation at room temperature for 5 min the suspension was cooled for 15 min in an ice bath and then cells were collected by centrifugation for 15 min at 3500 rpm at 2°C.
Lysis
The pellet of cells was resuspended at 0 °C in 1 ml of buffer containing 10 mM Tris-HCl buffer, pH 8, 10 mM NaCl, 0.2% NP-40, and freshly added protease inhibitors (0.1 mM PMSF and 1:500 protease inhibitor cocktail (Sigma)). After incubation for 15 min, cells were homogenized by passing through a syringe about 50 times into an Eppendorf. Then nuclei were spun down by centrifugation for 5 min at 5000 rpm in an Eppendorf centrifuge 5415 R at 2°C.
Digestion with EcoRI
The nuclei pellet was resuspended in 756 μl of solution containing 40 mM Tris-HCl buffer, pH 7.4, 50 mM NaCl, 10 mM MgCl2 and 10 mM 2-mercaptoethanol. Then 20% SDS was added to final concentration 0.3% and incubation with shaking was performed for 1 h at 37 °C. To sequester SDS, 180 μl of 10% Triton X-100 was added and the solution was incubated for 1 h at 37 °C. Before digestion, 1 μl of BSA (5 mg/ml) was added with mixing. Then 50 μl of EcoRI (10 u/μl) was added and after mixing digestion was performed overnight at 37 °C.
Ligation
To inactivate the restriction enzyme, 35μl of 20% SDS was added (final concentration 0.7%) and the probe was heated to 65 °C for 30 min. Then the mixture was transferred into a 15 ml Nunc tube and consequently 375 μl of 20% Triton X-100 (to final concentration 1%), 750 μl of 10× ligase buffer, 7.5μl of BSA (5 mg/ml), 80μl of 100 mM ATP, and 5241μl of milliQ water were added and the final 7.5 ml solution was well mixed. Then 10 μl of T4 DNA ligase (200 u/μl) was added and after mixing incubation was performed for 5 h at 16 °C and then for 30 min at room temperature. During ligation, DNA concentration was equal to 2 ng/μl.
DNA purification
For isolation of DNA, 50μl of proteinase K (10 mg/ml) was added (final concentration 50 μg/ml) and, after mixing, incubation was performed at 55 °C overnight. For RNA digestion, 40μl of RNase A (10 mg/ml) was added (final concentration 0.5 μg/ml) and, after mixing, incubation was performed for 30 min at 37 °C. After extensive extraction with phenol-chloroform extraction (three times with 7 ml each) DNA was precipitated by 2.5 vol. of ethanol after addition of 40 μl 10 mg/ glycogen and 175 μl 4 M NaCl. The final DNA pellet was washed twice with 70%
ethanol and then dissolved in 0.1×TE.
Digestion with FaeI
About 15 μg of DNA was digested in 250μl solution with 75 u of FaeI overnight at 37 °C. Then the enzyme was inactivated by heating at 65 °C for 30 min. DNA was isolated after phenolchloroform extraction, precipitated by ethanol, and dissolved in 100μl of 0.1×TE.
Ligation
For circularization, 15μg of DNA was incubated in 8 ml of T4 DNA ligase buffer containing 400 u of T4 DNA ligase for 5 h at 16 °C. DNA was isolated after phenol-chloroform extraction, precipitated by ethanol, and dissolved in 50μl of 0.1×TE.
PCR and library preparation
One or two rounds of PCR were used as described below. There are about 300-400 copies of rDNA, which is why a single round of PCR (with up to 35 cycles) was found to be sufficient.
DNA concentration was titrated and finally about 30 ng of DNA was used for PCR with primers (for PCR-2). After separation in 2% agarose gels, two DNA fractions (200-400 bp and higher than 400 bp) were eluted using a QIAquick gel extraction kit (Qiagen). The libraries were prepared using TruSeq RNA Sample Preparation Kit v. 2 (Illumina) using adapter AR006 for 200-400 bp DNA fraction and adapter R007 for DNA fractions higher than 400 bp. The samples were sequenced using MiSeq (Illumina).
Computer treatments
The data on DSBs were processed in the following way: the raw data were obtained using an Illumina Genome Analyzer IIx machine. The data then were decoded to FASTQ format using native Illumina Casava software, v. 1.8. The next step was to cut off two primers:
primer_HindIII_NotI-CCCAAGCTTAAGCGGCCGCAAAC and primer_EcoRI_PstI-CCGAATTCTCCTTATACTGCAGGGG. We have tested different software designed for such tasks (including our own scripts/wrappers around FASTA, FASTA/Q clipper from FASTXtoolkit, cutadapt and trimmomatic), and found that the best solution for our dataset is the cutadapt tool (http://code.google.com/p/cutadapt), because it has an option to control the alignment error rate. Cutadapt version 1.2.1 (http://code.google.com/p/cutadapt) was used for this task with the parameters "--minimum-length=30 --error-rate=0.02 --trimmed-only --qualitybase=33 quality-cutoff=3 -n 2 -g CCCAAGCTTAAGCGGCCGCAAAC -g
CCGAATTCTCCTTATACTGCAGGGG". As a result, the primer cut-off was performed with the assumption that any of the primers should be at either end of a read and only sequences with the found and clipped primers are selected for further analysis.
All sequences shorter than 30 bp were removed from the dataset (parameterminimum-length=30 for cutadapt). We have inspected our clipped data by FastQC 0.10.1
(http://www.bioinformatics.babraham.ac.uk/projects/fastqc) to be sure that they are good enough to obtain reliable mappings and that they do not contain over-represented sequences. We have tested the set of programs for the mapping of the reads: bowtie (http://bowtie-bio.sf.net), bowtie2
(http://bowtie-bio.sourceforge.net/bowtie2/), BWA (http://bio-bwa.sourceforge.net) methods bwasw and mem. The results comparison revealed that the best result in our case were produced by the BWA method mem-it produced more unique and non-unique alignments. Thus the final mappings were performed using the BWA 0.7.5a method mem (http://bio-bwa.sourceforge.net) and samtools 0. 
Quantitative real-time PCR analysis of DSBs inside rDNA units
To estimate the amount of damaged DNA stretches that possess the mapped DSBs at R5 (Figure   4 ), we performed real-time PCR across the R5 using Applied Biosystems' 7500 Real-Time PCR System. DNA preparations from HEK 293T cells were isolated in solution by a procedure that simulates the isolation of DNA in DNA-agarose plugs. About 1.5 × 10 6 cells in 500 μl of DMEM containing 10% FBS were precipitated in 1.5 ml Eppendorf tubes in a minispin centrifuge (1500 rpm for 2 min) at room temperature. They were then suspended in 50 μl of the same medium at 42 ºC. For isolation of control DNA ("intact"), the suspension of cells was immediately mixed with 100 μl of solution containing 0.5 M EDTA (pH 9.5), 1% sodium laurylsarcosine, and 2 mg of proteinase K solution per ml. After incubation of the mixture for 48 h at 50 °C, the control DNA was isolated by phenol-chloroform extractions followed by isopropanol precipitation. To isolate "damaged" DNA (i.e., possessing spontaneous DSBs), the suspension of cells in 50 μl of DMEM containing 10% FBS after 2-3 min incubation at 42 º C was additionally incubated for 5 min at 0 º C, and then DNA was isolated as described above for the control DNA. In the
